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COMPLETE SPECIFICATION 

Improvements in or relating to a System for Laying of 
Submarine Pipe Lines 



We, Societe des Grands Tkavaux de 
Marseille, Societe Anonyme, a French 
corporate body, of 25, rue de Courcelles, 
Paris, France, do hereby declare the inven- 

5 tion for which we pray mat a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly de- 
scribed in and by the following statement : — 
A known method of laying submarine pipe 

10 lines from pontoons specially designed for 
this purpose, which is particularly advantage- 
ous for relatively great sea depths, consists 
in applying to the pipe line end a force and 
a torque such that the stress produced at any 

15 point along the pipe line being laid remains 
inferior to permissible values. 

If the torque is zero, to each depth there 
corresponds a minimum value and a maxi- 
mum value between which said force must 

20 be maintained. These minimum and maxi- 
mum values are subordinate to the specific 
characteri sties of the pipe line to be laid 
(diameter, thickness, coating, etc.). At a cer- 
tain depth the minimum and maximum 

25 values are coincident and beyond this depth 
the problem is insoluble. 

The pipe line is laid by fastening an addi- 
tional section to the end of the pipe line 
being laid, whereafter the pipe line laying 

30 pontoon is moved forwards to lay on the 
sea bottom a pipe line length equal to that 
of said additional section, and so forth. Dur- 
ing these successive operations an action 
must be exerted on the pipe line being laid 

35 with a view to prevent said stress from ex- 
ceeding the permissible values at any point 
along the pipe line. 

It is also necessary, for example in case 
of bad weather, to have the possibility of lay- 

40 ing on the sea bottom the p{oe line portion 
being immersed, and to subsequently raise 
said portion again, when normal laying con- 
ditions are resumed. 

[Price 5s. 0<f .] 



Finally, the possibility must also be pre- 
served of commencing the laying operation 
at the structure from which the pipe line 
is to extend (immersed oil well top, under- 
water tank, drilling rig, etc.) and completing 
the pipe line at the delivery structure. Now 
these last-mentioned problems must be dealt 
with in each specific case as a function of 
local conditions and of the type of connec- 
tions to be made. 

The operation consisting in connecting the 
additional pipe line section to the end of the 
pipe line portion being laid is greatly facili- 
tated if during the operation this end is 
substantially fixed ' with respect to the pon- 
toon; this operation may be carried out in 
any of the following manners: manual weld- 
ing, flux welding, automatic welding in an 
inert gas atmosphere, screwing, etc. 

It is the essential object of the present 
invention to provide a device for laying pipe 
lines on the sea bottom by the so-called pure- 
tension method, so that all the successive 
operations necessary for laying the pipe line 
can be performed, even when the swell has 
an amplitude of the order of six or seven 
feet, without allowing the stress exerted on 
the pipe line being laid to exceed the per- 
missible values at any point thereof. This 
device also permits the laying on the sea 
bottom and the subsequent raising therefrom 
of the pipe line if particularly severe weather 
conditions created sea conditions likely to 
jeopardize the safety and success of the lay- 
ing operation arise, in spite of the valuable 
assistance provided by said device. 

According to the invention we provide a 
lashing and working system for laying pipe 
line on the sea bottom from a pontoon com- 
prising on said pontoon a collar adapted to 
clamp the pipe line end, said collar being 
pivotally mounted on ends of long rods whose 
opposite ends are fulcrumed on transverse 
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trunnions rigid with a rc:tilinear laying 
b^am, in combination with two sets of rollers 
rotatatly mounted on said beam, each set 
being adapted to clamp transversely said 
' 5 pipeline, but permitting adjustment of the 
relative position of said pipe line by slight 
movements along its axis. 

This system permits the assembly of a 
new length of pipe at the free end of the 

10 pipe squeezed by the .two sets of rollers, this 
free end being cfTcctcd only by longitudinal 
displacements of reduced amplitude which 
are not cumbersome. 

This svstcm may comprise another collar 

15 adapted to clamp the previously assembled 
pipe line section in the vicinity of its end, 
said second collar being connected through 
rods to a fixed transverse shaft carried by a 
trolley adapted to slide along the laying beam 

20 pivotallv mounted on the pontoon so that 
the desired inclination position can be given 
thereto, said trolley being responsive to a 
traction exerted bv means of a cable. 

With this lavout the traction firstly exerted 

25 on the first collar can be transferred to the 
trolley to which said second collar is 
attached when a new pipe line section has 
iust teen connected to the preceding ones, 
adequate means being provided in a manner 

30 known per se so that the sum of these 
tractive forces remains constant throughout 
the transfer operation; upon completion of 
this transfer operation, after the first collar 
and the two sets cf clamping rollers have 

35 been opened, the full cable traction is re- 
ceived by the trolley which transfers same 
to a point adjacent the pipe end without 
exerting any torque thereon due to the 
pivotal connection provided between the 

40 second collar and the trolley. 

Finally, this system may also comprise in 
combination with the assembly consisting of 
:-aid second collar adapted to clamp the 
previously assembled pipe line section near 

45 its end, and of the trolley associated there- 
with, a circular ramp constituting a lower 
extension of the rectilinear section of the 
laying ramp, said circular ramp being pro- 
vided with rollers having transverse axes, the 

50 tangent to the upstream end of said circular 
ramp being parailel to said rectilinear beam. 

When the aforesaid second collar has com- 
pleted its downward stroke and said trolley 
is stationary in relation to the pontoon, in 

55 case of pitch movement of the pontoon and 
ramp assembly the pipe line will bear now 
and then on said ramp and behave practically 
as if it were articulated at the level of said 
second collar. 
60 Then the first collar can be fitted again, 
as well as the aforesaid first stationary two 
sets of rollers and subsequently gradually 
transfer the tension from said second collar 
and said trolley to said first collar and, when 
*55 this transfer is completed, unclamp said 



second collar and cause said trolley to slide 
upwards on the beam provided to this end, 
so that another pipe section can be assembled, 
and so forth. 

This lavout may also be used, for example 70 
in case of bad weather, for laying the pipe 
line on the sea bottom and raising same 
a^ain later on; to this end, a head is pro- 
vided which is adapted to be secured to the 
end of the pipe line being laid, so as to seal 75 
this end, this head comprising a shaft and 
a hook to which the cable end may be 
anchored after having detached this end 
from the trolley supporting the second collar. 

The attached drawing shows in diagram- 80 
made form the principle of this invention in 
order to afford a clearer understanding of 
Lhe manner in which the desired results can 
be obtained, the drawing also showing a 
specific form of embodiment of the means 85 
contemplated for obtaining these results. In 
the drawings: 

Figures 1 and 2 are diagrams illustrating 
the pipe line laving operations. 

Figure 3 is a similar view showing the 90 
diagram of forces; 

Figures 4 and 5 are similar views show- 
ing the essential characteristics of the device 
according to the present invention; 

Figures 6 and 7 are side elevational views 95 
showing on a larger scale a typical form of 
embodiment of this invention; 

Figures 8 to 10 are detail views showing 
on a still larger scale certain component ele- 
ments of the device. 100 

The pipe line laying pontoon 1 anchored 
to warps 2 and 3 carries the pipe line sec- 
tion OD being laid and is designed with a 
view to exert a force F and a torque V on the 
end A of this pipe line section; the essential 105 
laying operations proper consist in assembling 
at D an additional pipe line section DD' 
'Figure 2), then moving the pontoon for- 
wards by 'releasing and pulling respectively 
the warps 2 and 3 so as to lay on the sea 110 
bottom a pipe line length OO', the section 
being laid thus becoming O'D', of the same 
length as OD, the point of application of the 
stress being transferred from A to A', with 
AA' = 00' = DD', and finally assembling an- 115 
other pipe line section D'D" equal to DD', 
and so forth. 

In order to ascertain whether the above- 
defined characteristics permit the laying of 
pipe lines even when the swell has an ampli- 120 
tude of the order of 6 or 7 feet without 
exerting on the pipe lines stress exceeding 
the permissible values, it will be necessary . 
firstly to study the action exerted by the 
pontoon movements resulting from a swell of 125 
this amplitude on the pipe line being laid. 

Pipe line laying pontoons now in service 
have a width of about 100 feet and a length 
in the range of 300 to 400 feet. As a rule, 
they are moored to eight anchors by means 130 
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of warps, cither directly or through a certain 
length of chain. 

If the pipe line laying operations arc to 
remain within reasonably economical limits, 
these operations should not be stopped by 
swells having an amplitude of less than 7 
feet. Therefore, the amplitude of the move- 
ments set up by swells having an amplitude 
of about 6 or 7 feet and various frequencies 
and directions, have been s/udied on pontoon 
in actual service. 

With certain swells having well-defined 
frequency and direction the pitch and the 
fore and aft movements of the pontoon attain 
respective amplitudes of + 2.5% and + 0.75 
meter with respect to the mean position. On 
the other hand, the pontoon's forward 
motion is practically in phase with the nose- 
lifting movement of the pontoon. 

Under different circumstances, pounding 
was exceptionally as high as ± lm (40"), 
the maximum and minimum corresponding 
roughly to the moment whereat the fore and 
aft movement was zero as well as the angle 
of pitch. 

The lateral movement of the pontoon, the 
yawing thereof (i.e. a rotation about a vertical 
axis) and the roll has little influence on die 
pipe line being laid. However, a very strong 
roll (> 10%) was observed very exception- 
ally as a consequence of a sudden lateral 
swell. 

The effect produced on the pipe line OA 
being laid (Figure 3) by pontoon movements 
having the order of magnitude mentioned 
hereinabove were as follows: 

Let x and y be the coordinates of A, m 
being the pipe line inclination at A, and 
X, Y the horizontal and vertical components 
of the force F applied at A, r being the 
torque (a positive torque in the direction 
shown in Figure 3). 

Assuming that: 

r =o 

X=27.5 tons (above the minimum permis- 
sible value) 
Y=18.6 tons, as determined by the equilib- 
rium of the pipe line 
F=33.2 tons, for a laying depth of 87 m 
(285 ft) 



the effects of: 
a variation Sy- 
a variation 8m 
a variation Sx 



pounding, 
pitch, 

longitudinal movement of 
the laying pontoon 



wall thickness of 1.5 cm (0.6"), coated with 
a 8-mm thick layer (0.315") of black product 
and with 5 cm (2") of concrete. 60 
1) Case of a pipe line fixed at A. 

a) Pounding: 
for 

fiy = 1 m (40") 

fix =0 65 
5m = 0 

we obtain 

SX=2,940 kcr (6,482 lbs) 
3Y= 1,000 kg (2,205 lbs) 

Sr =15,100 kgm (108,850 ft.ibs.) intro- 70 
ducing a 6.32 kg/sq.mm? 
stress in the pipe line, i.e. 
8,989 psi) 

for oy= — 1 m we have thus: 

X 4- 6X = 27,500 -2,940 kg=24,560 kg (or 
45,326 lbs) which is permissible. 

Y+SY= 18,600- 1,000 kg =17,600 kg (38,- 
800 lbs) 

r + 8r=- 15,100 kgm (109,000 ft.-lbs). 

The maximum amplitude of the pounding 
corresponds to the moment when the longi- 
tudinal movement and the pitch angle are 
practically zero. It is not detrimental to the 
pipe line. 

b) Pitch 
For 

Sy= 0 
Sx= 0 
6m=+2.5% 

we have: 
8X=6,180 kg (13,600 lbs) 
SY=2,480 kg (5,460 lbs) 
Sr =51,900 kgm (374,000 ft-lbs) 
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have been studied in the case of a pipe line 
having ah outer diameter of 50 cm (20"), a 



c) Longitudinal movement 
for 

Sx= 0.75 m (about 30") 

5y= 0 

8m=0 

we obtain: 

SX=9,200 kg (20,000 lbs) 

SY= 2,7.40 kg (6,040 lbs} 

8r =54,100 kgm (390,000 ft-lbs.) 

Since these two movements are in phase, 
the end result is as follows: 
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Sy =0 

ax =0.75 m (ca. 30") 



Sy =0 

Sx = + 0.75m (ca. 30") 
Sm=+2.5?i 



X-f aX = 27,50O-15,280=12,220 kg 

(26,900 lbs) 
Y+*Y= 18,600-5,220= 13,380 kg 

(29,450 lbs) 
r + 8r = 0- 106,000= -106,000 kgm 

(764,000 ft-lbs.) 

This is obviously unacceptable for on the 
one hand X + SX should not have a top low 
value if it is desired to keep the permissible 
stress values at about 0, and on the other 
hand a 106,000-kgm torque (764,000 ft-lbs) 
corresponds to a 44.2 kg/sq.mm stress 
(62,866 psi) in the pipe line. 
2). Case of a pipe line fastened to the pon- 
toon by means of the damping device 
according to the first feature of the in- 
vention : 

This device is illustrated diagram mat ica I Iy 
in Figure 4. The pipe line is maintained at 
A by means of a collar pivoted on two rela- 
tively long rods AB and its direction is de- 
termined at C by a set of rollers permitting 
the axial movement of the pipe line. The 
point B and roller C are fixed in relation to 
the pontoon. 

The example was calculated by assuming 
that AC=10 m (33 ft.) AB>5 m (16i ft.); 
x 0 , y c being the coordinates of C, m<> the in- 
clination of the set of rollers, x and y the 
coordinates of A, m the pipe line inclination 
at A. 



X+SX = 27,500+ 15,280=42,780 kg 

(94,250 lbs) 
Y+£Y=18,60O + 5,220=23,820 kg 

(52,500 lbs) 
r + 6r=0 4-106,000= 106,000 kgm 

(764,000 ft. lbs.) 



if 



Sx 0 =0.75 m 
5y o =0 
£m 0 =0 

we obtain 

. SX=4,370 kg (10,500 lbs) 
SY= 1,370 kg (3,020 lbs) 
Sr =14,810 kg (106,800 ft-lbs.) 

the torque at C in the pipe line it 27,970 
kgm (201,000 ft.-lbs) 



40 



45 



for 



Sm 0 =2.5% 
Sx 0 =0 
Sy o =0 



50 



we obtain 

8X=2,350 kg (5,180 lbs) 

£Y = 764 kg (1,682 lbs) 

Sr =18,080 kgm (130,000 lbs. ft) 
the moment at C in the pipe line is: 24,900 
kgm (178,500 ft-lbs). 55 



The combination of the two movements gives the following results: 



for 

Sy 0 =0 

Sx 0 =0.75 m (30") 
60 8m c =2.5% 

X + SX=27,500- 6,720 kg=20,780 kg 

(45,800 lbs). 
Y + SY= 18,600-2,134 kg= 16,466 kg 
(36,250 lbs.) 

65 r + 8r=0-32,890=-32,89O kgm 

(-236,000 ft.-lbs) 
Moment at C in the pipe line: 
-52,870 kgm (380,000. ft.-lbs) corres- 
ponding to 24 kg per 
70 sq.mm., or 34,135 psi) 

The maximum stress in pipe line section 
OA lies at 0 and is 17.5 kg. per sq.mm 
(24,890 psi). 

At C the maximum stress is 24 kg/sq.mm. 
75 (34,135 psi). . 

Since the case considered herein deals with 
exceptional circumstances, it can be admitted 
if the steel grade has an elastic limit of at 
least 36 kg/sq.mm. (51,203 psi). 



for 



Sy o =0 
Sx 0 =0.75 m (30") 
Sm 0 =2.5% 

X + 8X = 27,50O+6,720=34,22O kg 

(75,400 lbs.) 
Y + SY= 18,600 + 2,134=20,734 kg 

(46,700 lbs) 
r -t-Sr=0 + 32,890=32,890 kgm 

(236,000 ft-lbs) 
Moment at C in the pipe line: 

+52,870 kgm. 



3) — Case of a pipe line secured to the pon- 
toon by means of the device according 
to the second and third features charac- 
teming this invention: 
A traction is exerted at X in a direction 
approximating to the pipe line axis Ox being 
laid without producing any torque (for ex- 
ample by clamping the pipe line by means 
of the collar pivotally mounted on a pair of 
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long rods) as indicated in Figure 5. This 
pipe line bears on a ramp equipped with 
free-rotating rollers. The shape of this ramp 
is a straight .line from F to G, and a 
5 circular arc of radius R between E and F. 

The tangent to the ramp at point E forms 
the angle 0 with the straight line -FG. 

The radius R is a radius of curvature 
acceptable for a pipe line of this type. Thus, 
10 in the example considered up to now, R 
would be =1,400 r (r being the outer radius 

a) Pipe line embeded at A: 

25 



30 



35 

with 

6y=l m (40") 
8x=0 

we obtain: 
40 8X= 1,163 kg (2,565 lbs) 

<5Y=482 kg (1,062 lbs) 
8m=-0.7% 

Thus, if the hinging of the pipe line at A 
permits a variation of by + 5%, a longi- 

45 tudinal movement of ± 0.75 m (producing 
a variation of m by ± 2.6%) and a simul- 
taneous synchronous pitch of + 2.5% are 
practically without any appreciable conse- 
quence from the point of view of stress 

50 created in the pipe line. 

The device considered herein gives results 
lying between those of the hinging at A and 
those of the fitting at A, the latter being 
very close to those obtained with the pivotal 

55 mounting at A. 

If in the mean position the pipe line is 
tangent to the ramp at F, it is possible to 
change the direction of the pipe line at A by 
about 4.2% (these figures being somewhat 

60 altered by the flexion of section AF) with 
only the introduction of reduced stress. 

Assuming a longitudinal movement of ± 
0.75 m of the pontoon, combined with a 
synchronous pitch of ± 2.5% which, in the 

65 case of the hinging at A, would cause the 
pipe line direction to vary at A by ± 5.1%, 
the permissible stress limits would not be 
overstepped by using a steel grade having 
an elastic limit of 36 kg/sq.mm (51,200 psi). 



of the steel pipe line) i.e. R = 355 m (1,165 
ft) which corresponds to a stress of 14,3 
kg/sq.mm (20,340psi). 

With EF = 15 m (ca. 50 ft) the angle 0= 15 
4.22%. 

In order to have an idea of the behaviour 
of this layout when the swell is acting upon 
the pontoon, the action exerted by the pon- 
toon movements respectively on a pipe line 20 
OA embedded at A, and on a pipe line OA 
hinged at A has been calculated. 



with 

8x=0.75 m (30") 
6y=0 



: Sm=— 2.6% 

Care must be taken that during the move- 70 
ments of the pipe line laying pontoon which 
are caused by the swell the warps remain 
tangent to the sea bottom at the point where 
they rise therefrom. 

In fact, considering the fact that, with due 75 
regard for the masses thus set in motion, the 
action of these warps can scarcely limit the 
pontoon movements, if these warps were 
raised off the bottom until they pull directly 
on the anchor, sudden variations in the ten- 80 
sion of the raised warps would be produced, 
which would be highly detrimental to the 
strength of these warps and likely to increase 
the pontoon movements. 

In order to have an idea on the action 85 
exerted by these warps, the following theore- 
tical examples have been examined, under 
the same conditions as set forth hereinabove : 
a) Pipe line fitted or secured at A: 
Assuming the pontoon to be moored by 90 
40-mm (1.575") warps, the pair of front 
warps being slack and the pull being ab- 
sorbed by the other pair of warps which are 
fastened to anchors spaced 360 m (1,180 ft) 
from the pontoon. 95 



with 

S y =1 m (40") : 
S x =0 : 
S m =0 

we obtain respectively: 



with 
S T = 0 
8 X =0 

3 m =-f2.5% 



with 

S s =0.75m (30") 

8 y =0 

3 m =0 



SX= 2,940kg (6,5001bs) 
8Y= 1,000kg (2,2051bs) 
6v =15,100kgm (109,000 ft. lbs) 



8X= 6,180 kg (13,6001bs) 
SY=2,480 kg (5,460 lbs) 
ST =51,900 kgm (374,500 ft. 



*X = 9,100 kg (20,000 lbs) 
*Y = 2,740 kg (6,040 lbs) 
or =54,100 kgm (390,000 ft. 



lbs) 



lbs.) 



b) Pipe line hinged at A: 
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Static calculation of equilibrium according 
to: 

r.y — 1 m 
*m=0 

the resultant is zero for the horizontal forces 
5 exerted by the pipe line and the two front 
warps. 

As a result: 

Sx =0 (the pipe line and the pair of front 
warps have the same stiffness) 
10 oX = 2,940 kg (6,500 lbs) 
aY=1,CQ0 kg (2,205 lbs) 
or =15,100 kgm (109,000 ft. lbs). 

Static calculation of the following equili- 
brium : 
15 oy =0 

£m=+2.5% 

the resultant is zero for the horizontal forces 
exerted by the pipe line and the two front 
warps. 
20 As a result: 
Sx =0 

*X=6,180 kg (13,600 lbs) 
iSY=2,4S0 kg (5,460 lbs) 
2r =51,900 kgm (374,500 ft. lbs.) 

25 b) Pipe line fitted or secured at A: 

Assuming the pontoon to be moored by 
means of 40-mm" (1,575") warps, with the 
pair of front warps slack and the other pair 
of warps receiving the tension and being 
30 fastened to anchors spaced more than 500 
meters (1,640 ft) from the pontoon. 

Static calculation of the following equili- 
brium : 

dy=lm (40") 
35 Sm=0 

The resultant is zero for the horizontal 
forces exerted by the pipe line and the two 
front warps. 

As a result: 
40 ok =0.125 m (6") 

SX=1,415 ke (3,120 lbs) 

SY=540 kg (1,190 lbs) 

8p =6,050 kgm (43,650 ft. lbs.) 

Static calculation of the following equili- 
45 brium : 

Sy =0 
Sm=+2.5% 

with a zero resultant with horizontal forces 
exerted by the pipe line and the two front 
•0 warps. 

As a result: 
fcc =-0.31 m (ca. 1 ft) 
SX=2,330 kg (5,130 lbs.) 
SY=642 kg (1,415 lbs.) 
55 Sr =29,550 kgm (213,200 ft. lbs.) 



The same result would be obtained with 
two 55-mm (2.16") warps fastened to an- 
chors spaced 360 m. (1,180 ft) from the 
pontoon; the warps would remain tangent to 
the bottom at the point where they com- 60 
mence their upward curve. 

The comparison between these different 
cases shows that so-called flexible warps, 
which remain tangent to the bottom at the 
point where they commence their upward 65 
curve, is a primary requirement. 

To conclude with the warp question, it 
may be noted that in the laying of pipe lines 
under tension no shifting of the front anchors 
can be tolerated. Therefore, these anchors 70 
must be calculated with safety coefficients 
still higher than those approved for ordinary 
anchors. 

The action exerted by the forward move- 
ment of the pontoon on the stress applied to 75 
the pipe line in case of an exceptionally high 
swell has also been studied. The device illus- 
trated in Figure 5 is operated while moving 
the pontoon forwards by pulling the warps 
by means of their windlasses by a length / 80 
corresponding to the length of the various 
sections of the pipe line before assembling 
same. 

Pounding, generally well below the excep- 
tional value of ± 1 meter, will cause varia- 85 
tions of F which are less than . ± 1.5 tons. 
The pitch is practically without any detri- 
mental consequence. 

As to the variation ox =±0.75 m (30"), 
it will determine variations of F of about 90 
± 3 tons. 

The rods leading to collar K are fastened 
to a trolley movable along a ramp FG and 
secured in turn to a cable parallel to FG 
which constantly pulls this trolley upwards. 95 
This constant variation is obtained by caus- 
ing the winch winding this cable to be re- 
sponsive to tension variations, so that the 
effective tension remains within the range 
from T, to T 2 measured in tons. 100 

In the case of a longitudinal movement of 
± 0.75m (30") of the pontoon with respect 
to its mean position, if T>T : 4-6, the con- 
stant-tension winch will constantly revolve in 
the same direction when the pontoon ^ is 105 
moved forwards, the servo-action becoming 
effective to prevent the tension from exceed- 
ing T,. If T 2 — T,<6, the trolley will oscil- 
late about a mean position moving as the 
pontoon progresses. The winch used for 110 
winding and unwinding the cable will attain 
speeds higher than those of the adjustment: 
T.— T,>6 and it will be necessary to either , .'■ 
resort to means for recovering or losing lost 
energy or to implement higher power out- 115 
puts. 

More particularly, devices of which the 
behaviour has been studied hereinabove may 
be used in the manner illustrated in Figures 
6 and 7. 120 



SOOClD:<GB 117R2>iqa i ^ 



7 



1,178,219 



7 



.On a beam 1 pivoted about a transverse 
shaft 2 secured to the pontoon 3, and adjust- 
able between two end positions 1' and 1" 
by means of a rod system .4 having one end 

5 pivotally connected at 5 and the opposite end 
pivoted to a member 7 movable along a 
rack 6, there are mounted: 

a) A clamping collar 8 equipped with 
motor-operated cylinder-and-piston actuators 

10 9 and balanced by counterweights 10 through 
the intermediary of a rope 11 provided with 
an inclination adjustment device 12 and 
adapted to be wound on a drum 13, said 
counter-weights 10 being rotatably solid with 

15 pulleys 14; however, this balancing layout is 
given by way of example only and should 
not be construed as limiting the invention. 

The clamping collar 8 comprises a trun- 
nion 15 and is connected by means of rods 

20 16 provided with elongated holes 17 to a 
transverse shaft 18 adapted to be positioned 
in relation to the beam 1 by means of a 
screw 19 controlling the movement of a frame 
20. 

25 b) Means for locking the pipe line both 
in inclination and in direction, which com- 
prise the devices 21 and 22 consisting each 
of a frame structure 23 rigid with the beam 
1 and of two sets of rollers 24 and 25 

30 adapted to be shifted horizontally by means 
of actuators 26, the vertical adjustment of 
the position of these sets of rollers being 
controlled by means of a screw device 27 
(Figure 8). 

35 c) A curved end ramp 28 provided with 
supporting sets of rollers 29 and 32, the first 
set 29 being adjustable by means of actuators 
30 and 31 (Figure 9) and adapted- to be 
retracted completely, while the different sets 
40 32a to 32d are secured to this ramp (see 
Figure 10). 

d) The beam 1 is also equipped with: 
1) Two sets of rollers 33 and 34 adjustable 
vertically and horizontally by means of 
45 motor-operated jacks, . so that the pipe 
line section to be secured to the end of 
the pipe line elements being Iaid_.can be 
positioned with a relatively high" degree 
of precision; 

50 2) Three grooved pulleys 35, 36 and 37 for 
guiding the cable during certain pipe line 
laying operations, which pulleys are ad- 
justable by means of motor-operated 
jacks (not shown). 
55 e) It finally comprises a pipe line laying 
trolley 38 comprising a frame structure 
equipped with rollers 39 and 40, and a 
clamping collar 41 provided with rods 42 
pivotally connected at one end to a trunnion 
60 43 of collar 41 and at the other end to a 
vertically adjustable shaft 44. 

This laying trolley 38 is displaceable from 
its uppermost position 39 to its lowermost 
position 38' and it will be noted that the 
65 movable systems consisting of the rollers 33 



and pulley 37 must be retractable sufficiently 
to permit this trolley movement. 

The pipe line laying trolley 38 is con- 
nected through a cable 45 to a winch 46 
responsive to die variations in the cable ten- 70 
sion. This cable 45 passes in succession over 
the head pulley 47 provided with a tension- 
ing bar 48, another pulley 49 and the return 
pulley 50. 

During a normal pipe line laying opera- 75 
tion the above-described device operates as 
follows: 

From the sea depth diagram established 
along the path contemplated for the pipe line 
operation a chart is drawn showing all the 80 
successive depths likely to be dealt with 
during the operation, with due consideration 
for the surface movements caused notably by 
tide conditions. 

The horizontal component X of the ten- 85 
sion force F is selected for each depth, and 
in case the torque r applied at A to the 
pipe line were zero, the vertical component 
Y and the slope m of the pipe line at A are 
calculated, and furthermore the length a of 90 
the horizontal projection of OA. X is selected 
higher than the permissible minimum value 
so that, taking due account of the variations 
oX, SY and 3r which will be caused by the 
swell action, the stress produced in section 95 
OA will leave the necessary margin with 
respect to the permissible stress values as a 
consequence of possible currents. In the fol- 
lowing disclosure F denotes the selected pipe 
line laying tension as a function of the depth 100 
at 0. 

Let us consider the laying cycle at the 
time when, the pipe line being clamped in 
the collar 41, the pontoon is moved forwards 
by actuating its anchor windlasses. The other 105 
collar 8 is open, the direction-fixing roller 
supports 21 and 22 are open. The pipe line 
may receive reactions directed at right angles 
to its longitudinal axis from rollers 29 and 
32a to 32e and, at the beginning of the oper- no 
ation, also from roller 34. The collar 41 
exerts on the pipe line a force of which the 
component parallel to the ramp equals the 
cable traction, this traction being caused to 
vary between F,— f and F 2 -hf by the winch 115 
adjustment where — f to -hf is the force 
difference. 

The force F. is so calculated that, con- 
sidering the depth at 0, the equilibrium 0.41 
is obtained from the point of view of stress 120 
into the 0.41 section with a tension within the 
limits F 2 — f to F,+f, 2f being greater than 
the tension variations that would result from 
the swell action if the collars 41 were 
stationary. The ramp slope m corresponds to 125 
the preceding equilibrium OA under a ten- 
sion F. 

The pipe line laying pontoon is moved 
forwards, and the tension responsive winch 
pays out the cable 45 until the collar 41 is 130 
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approximately in position 41'. Then the 
winch adjustment is modified so that us 
tension will now lie between F, — f and F, + 
f, F/ for the equilibrium 0'41' correspond- 

5 ing to F', which is the tension selected for 
O'A'. The trolley 38 to which the collar 41 
is secured is shifted when the winch adjust- 
ment is modified. Then the collar 8 is 
clamped, the cable tension is reduced to zero, 

10 thus transferring the tension exerted on the 
pipe line from collar 41' to collar 8. The 
mean end tension approximates F'. It may 
be noted that the choice of F„ F, and F was 
made possible because the depths at 0 and 

15 0' are known, the pontoon equipped with an 
echo sounder having already passed above 
these 'points during the preceding pipe line 
laying operations. , 
Then the ramp is set at an angle m 

20 corresponding to F' and to the depth at 0 . 
- The pipe line inclination at A' is measured 
by means of an inclinometer (this inclina- 
tion varying under the influence of swell) 
and the ramp adjustment is completed by 

25 setting same at the measured means inclina- 
tion. Then the direction-setting roller sup- 
ports 21 and 22 are closed. The pipe ine 
is ready for connecting another pipe line 
section thereto. Its end performs only small 

30 longitudinal movements corresponding to the 
swell frequency. 

Then, by using a hoisting tackle, the new 
pipe One section to be connected is placed 
upon the positioning rollers 33 and 34 which 

35 are movable in relation to the ramp along 
two axes perpendicular to the ramp axis. 
This section is added to the preceding one 
and temporarily secured thereto by means of 
a suitable device, for example a clamp. The 

40 coupling is carried out according to the 
selected procedure, such as manual or auto- 
matic welding, under inert gas or by flux- 
welding, screwing, etc. If desired, the pipe 
line coatings are interconnected. Then the 

45 direction setting roller carriers 21 and 22 
are opened and the tension can now be trans- 
. f erred, from collar 8 to collar 41 returned to 
its uppermost position. 

The roller 33 is lowered and the trolley 

50 is brought to position 38'. Then after having 
properly adjusted the winch with a 2 f 
sensitivity (as a rule, in the case of regularly 
varying depths f=f')> the mean value of the 
cable tension is . increased until the rods 16 

55 for fastening the collar 8 move forwards in 
relation to the transverse shaft 18, this move- 
ment being permitted by the lost motion 
provided at the fastening point. The collar $ 
is opened. Then the winch adjustment is 

60 changed to cause the tension to vary between 
F'-— f and F'.+f, F' 2 corresponding to the 
equilibrium 0'41. Finally, a complete cycle 
has thus been performed. 

A current pipe line laying operation may 

65 have to be interrupted notably as a conse- 



quence of bad weather likely to create sea 
conditions likely to compromise the success 
and the safety of the operation. 

Under these circumstances, the pipe line 
laying operation must be held up temporarily 70 
and the previously assembled pipe line must 
therefore be laid on bottom and raised again 
when fair weather conditions are restored 

Therefore, the operation consisting in add- 
ing a new pipe line section to the previously lb 
assembled ones must be postponed at a 
certain time, this new section being replaced 
in this case by a special head 50 adapted to 
seal the open end of the pipe line and pro- 
vided with an axial shaft 51 (Figure 7). 80 

The elements are positioned as in the case 
of a normal pipe line connecting operation, 
then the cable 45, instead of being attached 
to the trolley 38, is secured to said axial 

shaft 51. . . . m 

The set of rollers 29 are lowered and the 
grooved pulley 37 is raised so that the trac- 
tion of cable 45 can be exerted in a direction 
substantially coaxial with the pipe line. 

Having adjusted the winch with a sensi- vu 
tiveness 2f (which is greater than the tension 
variations likely to be caused by the swell 
action, the winch not rotating) the cable ten- 
sion is increased until the rods 16 securing 
the collar 8 move forwards in relation to the 95 
shaft 20. Then collar 8 can be opened. 

Then the windlass setting is modified so 
that the tension will vary between F,-f and 
F. + f, F. being calculated to obtain a satis- 
factory equilibrium 0, 51. . # 100 

The pipe line laying pontoon is subse- 
quently moved forwards by operating the 
mooring windlasses, and the pipe line sinks 
gradually to the bottom. 

When the head shaft 51 clears the grooved 105 
pulley 36, the latter is set to its high posi- 
tion. The same operation is carried out with 
grooved pulley 35, the purpose of these two 
operations consisting in maintaining the direc- 
tion of the traction effort of cable 45 in 11C 
alignment with the pipe line axis. Thus, the 
pipe line can be cleared completely from the 
beam 1. 

During this operation, the collar 8 did not 
interfere whatsoever with the slipping move- 115 
ment of the pipe line, said collar being open 
and balanced by its counter-weight system. 

The pontoon is moved forwards until the 
vertical plane containing the axis of grooved 
pulley 35 is spaced from point 0 by a dis- 12C 
tance greater than D which is subordinate 
to the pipe line laying conditions (such as 
the pipe line characteristics and laying depth). 

Then, the tension of cable 45 is reduced 
from F,±f to zero±f without operating the 12f 
pontoon, adjustable winches. 

The pipe line is then laid on the sea 
bottom. 

For raising it again, the reverse procedure 
is performed so that the tension of cable A5 13( 
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changes from zero±f to F 2 ±f, and the pon- 
toon is moved until the distance from the 
vertical plane containing the axis of grooved 
pulley 35 and point 0 is greater than D. 

5 The pipe line is raised and when the pipe 
line end has overstepped the set of rollers 
29 these are moved to their uppermost posi- 
tion in order to cause the pipe line to rise 
on the ramp 28 equipped with rollers 32a 

10 and 32e. 

Then the upward movement is continued 
by retracting firstly the grooved rollers 35 
and then the similar rollers 36. 

WHAT WE CLAIM IS: — 

15 1. A lashing and working system for laying 
pipe line on the sea bottom from a pontoon 
comprising on said pontoon a collar adapted 
to clamp the pipe line end, said collar being 
pivotally mounted on ends of long rods whose 

20 opposite ends are fulcrumed on transverse 
trunnions rigid with a rectilinear laying beam, 
in combination with two sets of rollers rota- 
tably mounted on said beam, each set being 
adapted to clamp transversely said pipe line, 

25 but permitting adjustment of the relative 
position of said pipeline by slight movements 
along its axis. 

2. A system according to claim 1, charac- 



terised in that it comprises a second collar 
adapted to clamp the end of the pipe line 30 
section just assembled with the preceding 
pipe line sections, said second, collar being 
connected through rods to a fixed transverse 
shaft carried by a trolley adapted to roll 
along said laying beam, the position of said 35 
trolley being controlled by means of a cable. 

3. A system according to claim 2, charac- . 
• terised in that in combination with said 

second collar adapted to clamp the end of 
the pipe line section just assembled with the 40 
preceding section, said second collar being 
connected through rods to a fixed transverse 
shaft carried by a trolley, there is a circular 
longitudinal ramp provided with sets of trans- 
verse rollers and forming a lower extension 45 
of the laying beam, the tangent to the up- 
stream end of said circular ramp being 
parallel to the aforesaid rectilinear beam. 

4. A system substantially as described 
hereinabove with reference to the accompany- 50 
ing drawing. 

For the Applicant(s) : 
A. POOLE & CO., 
Chartered Patent Agents, 
19 Devonshire Street, 
London, W.l. 
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